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ABSTRACT

Fungus-resistant grape (FRG) varieties obtained through interspecific hybridisation, are currently
seen as a credible solution for reducing the use of pesticides in viticulture. One possibility is to
include wines made from FRG in blends prepared from traditional varieties. Such addition is
likely to negatively affect consumer’s liking notably in red blends as red wines made from FRG
may exhibit higher acidity, lower tannin content and stability given their high protein levels. This
study aimed to apply the Consumer Rejection Threshold (CRT) method to determine to which
extent red FRG wines can be incorporated into blends. Two red FRG wines, made from Vidoc
and Artaban, were selected for the study and blended with a Merlot wine. After a first experiment
consisting of identifying detection thresholds for FRG wines in a blend for untrained and expert
panellists, a second experiment based on paired preference tests following the CRT method was
conducted with consumers only. The detection thresholds were estimated for untrained subjects
at 24.9 % v/v for Artaban, and 14.1 % v/v for Vidoc, highlighting a lower sensitivity than experts
for which Artaban and Vidoc were detected at 6.9 % and 7.7 % v/v, respectively. During the
second experiment, blends containing between 25 % and 60 % v/v of Artaban were less preferred
than the single-variety Merlot wine but neutrally perceived over 60 % v/v. Surprisingly, Vidoc
blends were neutrally perceived in comparison with Merlot for all the levels of incorporation
evaluated, suggesting the existence of distinct clusters of consumers. Four groups of preferences
were identified through Principal Component Analysis (PCA) and Hierarchical Agglomerative
Clustering (HAC). Among these groups, only one representing 21 % of panellists, composed of
a larger proportion of daily wine drinkers who identified themselves as novices in wine, showed
a marked preference for Merlot over Vidoc blends. Overall, our results show the absence of
a major sensory obstacle for the incorporation of the two studied FRG wines in Merlot blend
which indicates a good consumer acceptability of these wines and encourages the wine industry
to use FRG red wines for blending or in single cuvée.

IEGALDR fungustesisiant grape varieties, red blends, Merlot, Vidoc, Ariaban, consumer
acceptability
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INTRODUCTION

Sustainability has become a major concern in the wine
industry over the last decades (Wei et al., 2023). The growing
awareness among producers and consumers has spurred the
sector to innovate, leading to an acceleration in breeding
programs notably for fungal resistance (Borrello et al., 2021;
Paire et al, 2024). Such fungus-resistant grape (FRG)
varieties, also sometimes called tolerant varieties, are the result
of interspecific hybridisation, combining the organoleptic
qualities of Vitis vinifera with the natural resistance of
American or Asian species (Topfer et al, 2011). Thanks to
successive backcrosses with different Vitis vinifera cultivars
to limit homozygosity, these varieties own a genome of more
than 95 % belonging to the species Vitis vinifera, which
enables one to combine both aroma and taste quality and
disease tolerance (Borrello ef al., 2021). The planting of FRG
is dynamic worldwide, notably in France with 2,270 hectares
under vine in 2023 (Torregrosa et al., 2024). According to
the official French catalogue, forty new resistant varieties are
registered, either permanently or temporarily, and available
for planting by winegrowers and this number is set to increase
(www.plantgrape.fr).

The availability of these varieties on the French market is
increasing rapidly which is the consequence of recent changes
in regulations (Borrello et al., 2021). Indeed in 2018, the
varieties of interest for adaptation purposes (VIFA) French
directives opened the way to the introduction of new grapevine
varieties into protected designations of origin (PDOs). Since
December 2021, EU regulation 2021/2117 has allowed
the production of PDO wines from varieties produced by
crossing Vitis vinifera with other species of the Vitis genus
(Gautier & Rosaz, 2014).

Despite this increasing interest in FRG, the French wine
industry remains sceptical about the organoleptic quality of
these new varieties, particularly red ones. Duley et al. (2023)
have shown that the chemical composition of red FRG
grapes differs from those produced by Vitis vinifera, which
can lead to difficulties during vinification and unusual
aromatic profiles. According to this author, the high protein
and polysaccharide contents of FRG grapes can complicate
tannin extraction and stability and produce red wines with low
astringency. Furthermore, these wines can also sometimes be
characterised by high acidity and excessive herbaceous or
undesirable aromas (Teissedre, 2018). As new varieties and as
underlined in a work conducted in the north-east of the USA
(Geffroy et al., 2024a), the optimal winemaking process may
strongly differ in comparison with traditional varieties and
research work is necessary to suit the specific characteristics
of FRG varieties. According to the same author, the lack of
market might be the largest obstacle regarding their adoption
by winegrowers. Thus, understanding consumer preferences
and acceptance of FRG wines is crucial for the wine industry.

Sensory aspects may play a crucial role in wine consumer
acceptance, particularly for those made from FRG (Francis
& Williamson, 2015). Concerning the use of FRG as single
variety wines, it was shown that 70 % to 90 % of panellists

judged their quality equivalent to that of the reference
Vitis vinifera wines (van der Meer et al., 2010). Another
recent study conducted in Germany with 244 consumers and
8 different wines showed no significant difference in liking
between wines made from FRG and conventional grape
varieties (Kiefer & Szolnoki, 2024).

As for the use of FRG in blend also known as coupage,
research results are still limited. While Chatelet ef al. (2019)
used original alternative sensory methods (i.e., Polarised
Sensory Positioning, free sorting) to characterise binary
blends, their assessment by consumers was not conducted.

Ternary red blends are frequently investigated using
formulas created by an augmented simplex centroid mixture
design (Dooley et al., 2012a; Dooley et al, 2012b). For
binary mixtures, successive blends are generally prepared
using a base wine and a modifier wine mixed at different
proportions (0—10-20...100 %) (Escudero-Gilete et al., 2010).
In the specific case of the use of red FRG wines for blending,
the Consumer Rejection Threshold (CRT) method could be a
valuable alternative for determining when the incorporation
of such wines, might negatively affect consumer liking.

This latter approach relying on a series of paired
preference tests was originally designed to identify
when 2,4,6-trichloroanisole (TCA) becomes undesirable
(Prescott et al., 2005). This method has been successfully
used for eucalyptol, rotundone, and 3-isobutyl-
2-methoxypyrazine (IBMP) (Saliba et al, 2009;
Geffroy et al., 2018; Geffroy et al., 2020). More recently,
besides aroma compounds, the method was applied to explore
consumer response to a new range of ethanol reduction
(Geftroy et al., 2022).

The main aim of the present study was to use the CRT
method to assess whether consumers accept the sensory
qualities of red wine blends that incorporate resistant grape
varieties. As in all the CRT research, a first experiment
was conducted to determine the percentage of FRG wines
that can be detected by untrained panellists in a blend.
Considering that winemakers might have a greater sensitivity
(Tempeére et al., 2019), a characteristic which could limit the
use of FRG wines in red blends, such percentage was also
assessed using a panel only composed of experts.

MATERIALS AND METHODS

1. Base wines

Two different wines made from red FRG were selected
namely Artaban and Vidoc, some French hybrids from
the ResDur 1 program (Schneider et al., 2019). These red
cultivars were chosen as they were the most planted red FRG
in France in 2024 (Dolet et al., 2024). The base wine was made
from Vitis vinifera L. cv. Merlot, the most planted variety
in 2022 to make red wine within the protected geographical
indication (PGI) Pays d’Oc in the Occitanie region, south of
France (https://www.paysdoc-wines.com). The three wines
from the 2023 vintage were sourced from a cooperative cellar
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next to Béziers, in the Occitanie region. The choice of these
wines which was made in accordance with experts from the
local wine industry based on their representativity was also
driven by wine availabilities.

The three wines were characterised during an informal
tasting session with a limited panel composed of three
experts. The Artaban wine had a low colour intensity and
an expressive nose featuring floral and red fruit aromas.
On the palate, it exhibited a lack of viscosity and structure,
with acidity being the dominant characteristic. The Vidoc
wine had an intense colour and was judged as having a low-
intensity nose characterised by black fruit and spicy aroma.
On the palate, it was perceived as acidic, slightly bitter, thin,
and astringent with ‘sticky’ tannins, a term referring to the
negative sensation of the tongue adhering to the palate. The
Merlot wine was characterised by a deep colour, high aroma
intensity with prominent notes of red fruit, and fermentative
aroma. On the palate, it was well-balanced with a pleasant
tannic structure.

Classical oenological analyses were conducted on wines
using a Winescan FT-120 technique (Foss France SAS,
Nanterre France). The results are available in Table 1.

2. Determination of the percentage of wine
from FRG detectable in a blend

Detection thresholds of FRG in a red blend were determined
in January 2024 through two sub-sessions held over two
consecutive weeks according to the American Society of
Testing and Materials (ASTM) method E 679 (ASTM, 2004)
for untrained and expert panellists, and for both varieties.
This method which provides individual thresholds in a
unique session, was chosen as it produces replicate data
and makes it possible to conduct statistical analysis with the
aim to investigate the impact of training and variety. The
untrained panellists (n = 22) were recruited based on regular
consumption of red wine (at least once a month) and were
mainly staff and students from the Institut Agro Montpellier.
They comprised 14 males and 7 females, aged between
23 and 64 years old not working in the wine industry.
The experts (n = 23) who had extensive experience with
wine tasting, were working in the wine industry and self-
declared being regularly trained, comprised of 12 males and

11 females, aged between 20 and 65 years old. Participants
were simply informed that they would be tasting samples of
red wine.

The choice of concentration to be assessed was based on an
informal tasting session with experts and untrained panellists.
Blend samples were prepared with two steps between each
level of incorporation. FRG wines were included in the blend
at 2.5 %, 5 %, 10 % and 20 % v/v for experts, and at 5 %,
10 %, 20 % and 40 % v/v for untrained panellists, for each
tested FRG. The session was organised with only four series
for each FRG to minimise fatigue.

The 3-alternative forces choice (3-AFC) tests were served in
increasing order of FRG incorporation, and the position of
the blend sample within each test was randomised. Samples
were served in clear INAO tasting glasses in a volume of
25 mL at a room temperature of around 18°C. The judges
who were spaced out in a neutral room were asked to make
a visual and olfactory assessment, and to place the sample in
their mouth, move it for a few seconds and then spit it. Then
they were asked to indicate on a questionnaire which sample
of the trio was differently perceived. Panellists were given a
10-minute break between the Artaban and Vidoc series and
were offered some bread to eat.

3. Determination of the percentage of wine
from FRG inducing a lesser preference in a
blend

The panel was composed of 53 wine consumers recruited
during a wine event held at the Ecole d’ingénieurs de Purpan
in Toulouse, and from the staff of Institut Agro Montpellier.
The experiment was conducted through two sub-sessions
over two consecutive weeks in March 2024. The panellists
did not receive remuneration for participating, and declared
themselves to be regular consumers of red wine (at least once
amonth). No ethics approval was obtained but all participants
were asked to provide written informed consent prior to
participating in the study. They were just informed they had
to evaluate samples of red wine. They were asked to respond
to a post-tasting questionnaire to collect demographic, and
wine knowledge and purchase behaviour information. The
detailed composition of the panel is shown in Table 2.

TABLE 1. Classical oenological analyses conducted on the three red wines used in the study. The uncertainty of
measurement is expressed as a 95 % confidence interval. TPl stands for Total Polyphenol Index.

Wie  Aehllovh B et el ey ™
Merlot 14.5 £ 0.1 3.53£0.05 3.7 0.1 0.43 + 0.05 235 395 143 £0.2 635
Artaban 11.3£0.1 3.49 £ 0.05 4.1 £0.1 0.53 +0.05 295 44 £ 5 10.1£0.2 585
Vidoc 11.3+0.1 3.39 £ 0.05 4.8 +0.1 0.44 £ 0.05 325 665 13.9+0.2 49+ 5
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TABLE 2. Proportion in % of consumers by gender, age, frequency of consumption, wine preference, average
amount spent on the bottle, wine knowledge, and years of consumption for the whole panel (n = 53).

Category Proportion (%)
Male 51.0
Gender

Female 49.0

18-24 years 30.2

25-34 years 17.0

Age 35-50 years 22.6

51-65 years 17.0

> 65 years 13.2

Once a day 7.5

3-4 times a week 35.8

Frequency of wine consumption Once a week 47.2
Twice a month 3.8

Once a month 57

Red 62.4

White 20.2

Wine preference

Rosé 5.8

No preference 11.4

<5€ 13.3

6to 10 € 52.8

Average amount spent per bottle

1Tto 15 € 26.4

>15€ 7.5

Experts 13.2

Wine knowledge Interested in wine 67.9
Newbie in wine 18.9

< 5 years 24.5

5to 10 years 22.6

Years of consumption
10 to 20 years 15.2
> 20 years 377
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The procedure was based on a replicate series of paired
preference tests (Prescott et al, 2005). Each pair was
composed of a wine sample of pure Merlot and a sample of
the blend of Merlot with one FRG. Presentation order was
randomised, and each pair was presented in ascending order
of percentage of FRG wine incorporation in the blend. For
both FRGs, the first level of incorporation was chosen based
on the detection threshold experiment previously described
for untrained panellists, with a step of two between each
series. The general procedure was the same as described
for the 3-AFC test with the Artaban series being tasted
first, except that the panellists directly responded on their
mobile phones using FIZZ Nomad v2.7 (BioSystemes,
France). There was space for comments on the reason for
their preference. Such an approach previously used with
success by Geffroy et al. (2022) was preferred to traditional
descriptive quantitative analysis using a trained panel for its
simplicity in correlating consumer perception and liking.

4, Data treatment

The individual detection thresholds were determined for each
panellist (untrained and experts) by calculating the geometric
mean of the percentage of incorporation between the last
failure observed and the next percentage. The panel detection
threshold was then calculated as the geometric mean of these
individual thresholds, in accordance with the ASTM E 679
method (ASTM, 2004).

As proposed for this method, it was assumed that a taster
who had been successful at the lowest level of incorporation
and at those that follow would have made a mistake at half
this level. As the same, when a taster had failed at the highest
level of incorporation, it was assumed that the panellist
would have been correct at twice this level.

A Mann—Whitney test was conducted on the individual data
to identify any differences in threshold according to FRG and
level of training. This test was preferred to a Student #-test,
as a Shapiro—Wilk test revealed that the data did not follow a
normal distribution.

The percentage of FRG in the blend that induced a significantly
lesser or higher preference compared to the control Merlot
sample was determined using the binomial distribution for
the pairwise preference test (Roessler et al, 1978). If no
significant preference for any tested incorporation percentage
was observed, suggesting different consumer clusters,
the approach by Geffroy et al. (2018) was implemented.
Preference data were analysed by Principal Component
Analysis (PCA) followed by Agglomerative Hierarchical
Clustering (AHC) using the Euclidian distance and Ward’s
method as aggregation criterion.

For each subgroup, the proportion of consumers by gender,
age, wine knowledge, and consumption habits were analysed
by a Chi-square test and a Marascuilo post-hoc procedure.

The Kolmogorov—Smirnoff (two-tailed) test was used to
determine if preferences for FRG blends differed according
to gender, and the Kruskal-Wallis for age, wine preference,

frequency of consumption, average amount spent on bottle,
and level of knowledge.

These latter tests, PCA and HAC, were conducted on a matrix
in which the quantitative data were the percentage of FRG
incorporation of the preferred sample for each pair.

Free comments generated by the participants to explain
their preferences were analysed for each FRG. According
to Abric (2005), the terms were initially lemmatised
and then synonyms were grouped using a triangulation
procedure. Three experimenters were first tasked with
grouping the terms into similar categories. Then categories
were discussed until a consensus was reached to name
them. Only the terms showing a citation frequency above
10 % for at least one of the test samples were retained. A
Chi-square test and a Marascuilo post-hoc procedure were
used to assess differences in citation frequencies of terms
elicited to describe the blend in comparison with the Merlot
control according to the percentage of FRG incorporation. As
proposed by Geffroy ef al. (2022), data obtained for the two
varieties were treated together to have a broad overview of
the sensory impact of the incorporation of FRG.

The statistical treatments were performed using XLSTAT
software (Addinsoft, Paris, France).

RESULTS AND DISCUSSION

1. Detection thresholds

The distribution of individual detection thresholds according
to the ASTM E 679 method for untrained and expert
panellists, and for the two studied FRG is shown in Figure 1.

The detection thresholds for untrained panellists were
estimated at 24.9 % for Artaban and 14.1 % for Vidoc. These
thresholds were reduced for experts at 6.9 % and 7.7 % for
Artaban and Vidoc, respectively, highlighting a difference in
detection sensitivity between the two panels ranging from a
factor of two for Vidoc to a factor of almost 3.5 for Artaban.

However, a significant difference was only observed between
these two groups at P < 0.05 for Artaban according to the
Mann—Whitney test (P = 0.0187 for Artaban and P = 0.076
for Vidoc), which somehow validates our initial hypothesis of
a greater expert sensitivity. The better performance of experts
in detecting resistant cultivars compared to consumers
can be explained by training and wine-tasting habits, as
illustrated in previous studies (Hughson & Boakes, 2002;
Tempeére et al., 2019).

To our knowledge, no previous formal study has been
conducted to investigate the minimal percentage of a
modifier wine (including FRG wines) incorporated in a
blend that can induce a stimulus. One of the most consistent
works showed that the addition of 10 % of a varietal wine
in a base wine could provoke a significant difference in
perception for some specific attributes using a trained
panel (Hopfer et al., 2012). Specifically for FRG wines, it
was demonstrated using free sorting methods and an expert
panel, that small proportions of Vidoc, Artaban or Divona in
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FIGURE 1. Number of panellists detecting the addition of FRG at various % in Merlot blends A) for experts (n = 23)
and B) for untrained panellists (n = 22). The panel detection threshold was estimated, using the ASTM E 679 method,
for experts at 6.9 % v/vand 7.7 % v/v, and for untrained panellists at 24.9 % v/v and 14.1 % v/v, for Artaban

and Vidoc, respectively.

Pinot noir (i.e., between 5 and 10 %), had little impact on the
overall sensory characteristics of the wines compared with
their pure counterparts (Chatelet ef al., 2019).

As for consumers, it was highlighted that such subjects were
not able to perceive the inclusion of 10 to 20 % of FRG
wines in a white or red blend which is consistent with our
observations (Torregrosa et al., 2024).

For untrained panellists, a significant difference in detection
threshold was identified between the two FRG (P = 0.019)
with lower values observed for Vidoc, while no difference
was noticed for experts (P = 0.804). Although Total
Polyphenol Index (TPI) determination on the three base
wines highlighted lower values for Vidoc, which should have
led to lower perceived astringency for the wines prepared
with this variety, the difference in tannin quality might
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have played a role. Indeed, the tannins found in Vidoc base
wine were described as ‘sticky’ during the initial sensory
evaluation of the base wines by three experts. These experts
had the opportunity to taste all the wines prepared during
the experiments and this specific sensory feature was also
noticed in the blends prepared from Vidoc. More work would
be necessary to investigate the tannin quality of wines made
from FRG whose macromolecular composition may differ in
comparison with conventional varieties (Duley ef al., 2023),
and their perception by consumers.

This difference may also be explained in the light of previous
research on blending (Hopfer ef al., 2012). Blending wines
alters sensory and chemical characteristics beyond a simple
averaging effect. Blends of wines with a smooth sensory
profile such as Artaban may be less distinguishable from
the base single-varietal wines. In contrast, blending wines
with an uneven and astringent profile, such as Vidoc, may
result in more pronounced differences, with suppression or
amplification effects on certain attributes.

It can also be pointed out that the distribution of detection
thresholds for experts tends to follow a bimodal repartition
(Figure 1) with some experts—likely those frequently
involved in blending activities—showing a greater sensitivity.
This distribution was not observed for untrained panellists.
The fact that a significant number of panellists, particularly
among the untrained panel, failed to detect the different
samples even at the highest level of incorporation could be
attributed to sensory fatigue, as they were less accustomed
to analysing fine nuances in successive series of samples
(Jourjon et al., 2005). However, this hypothesis is unlikely
as such a phenomenon was more pronounced for the Artaban
series, the first FRG blends tasted by the panellists.

It must be outlined that found detection thresholds are close for
Artaban or above for Vidoc to the 15 % threshold determined
by the European regulations n° 270/2002 mentioning that a
varietal wine must not be made with more than 15 % of grapes
from another variety than the specified one. This indicates
that winemakers can incorporate FRG in Merlot wine up to
that limit and continue to name the blend Merlot on the label
without a majority of consumers being able to detect it at the
tasting. This could be an interesting commercial strategy to
benefit from the Merlot name notoriety well established on
the market, a key driver of acceptance in comparison with
newly developed varieties (Geffroy ef al., 2024b).

The percentages to be assessed in the CRT study were
chosen on the basis that the first level of incorporation
should be detectable by consumers. Thus, the choices of
sample blends were as follows: Vidoc at 15 %, 30 %, 60 %,
and 100 % v/v (four series of paired-test), Artaban at 25 %,
50 %, and 100 % v/v (three series of paired-test).

2. Appreciation of Artaban in Merlot blends by
consumers

The results of the CRT study are by some means surprising
for Artaban, showing a shift in preferences at a 50:50 blend
ratio (Figure 2). This observation is consistent with previous

work on wine blending highlighting non-linear behaviour
in mixtures of compounds responsible for aroma, taste, or
mouthfeel perception (Hopfer et al., 2012).

Our results indicate that the blends with less than 60 % of
Artaban and down to the 25 % detection limit, are significantly
less preferred in comparison with the Merlot control while
when Artaban exceeds 60 %, the blend is neutrally perceived
with a percentage of preference close to the significance
threshold of greater preference.

A total of 42 participants elicited at least one term for one of
the seven wines tasted, with an average of 1.6 + 0.8 terms
per sample for these 42 panellists (Table 3). The most
frequently terms used by consumers to describe the samples
containing Artaban in comparison with the Merlot control
were more or less fruity, more or less acidic, more or less
astringent, or less balanced. This lack of consensus for
the fruity character, acidity and astringency illustrates the
difficulty encountered by consumers in describing their
perception.

Overall, although nonlinearity was observed, the sample
containing only Artaban (100 % v/v) was described on
average as being more fruity and more acidic which is in
accordance with the initial sensory description and the
oenological analyses of the three base wines (Table 1). This
overall neutral perception of pure Artaban wine is rather
interesting, especially considering that fruitiness has proven
to be a key appreciation driver for most consumers (Francis
& Williamson, 2015) and acidity is now also valued by
consumers for its role in enhancing the freshness and balance
of red wines (Regnerovéa & Hes, 2016).

As a consequence of being perceived in trend less fruity
than the other Artaban blends, one characteristic generally
negatively correlated with liking as previously discussed,
the blend prepared with 50 % Artaban was preferred by the
lowest proportion of consumers.

The test sample containing 25 % of Artaban tends to be
judged as less balanced, less astringent which could explain
the significantly lesser preference observed. Indeed, in
addition to the overall lack of balance which is likely to
affect consumer acceptance (Francis & Williamson, 2015),
the perceived low astringency may also have played a role,
as astringency is considered a desirable attribute by many
wine consumers (Villamor ef al, 2009). However, the
reasons why such a blend lacks balance remain unclear and
would deserve further studies. It can be mentioned that no
term related to colour was elicited, a characteristic that could
have discriminated the blends and impacted consumers’
liking (Dooley et al., 2012a) given the low colour intensity
of Artaban (Table 1).

Non-parametric tests showed that preferences were not
significantly influenced by gender, purchasing habits, wine
frequency and preference (Table 3). Age had a significant
influence on preference, with the youngest panellists (between
18 and 24), compared to older ones (> 65), preferring the
blend containing 50 % of Artaban that exhibits in trend less
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FIGURE 2. Proportion of panellists preferring the control Merlot sample in comparison with A) Artaban and
B) Vidoc blends. Above the top horizontal dotted line at 62 %, the control Merlot is significantly preferred, and below
the bottom horizontal solid line at 32 %, the blend is significantly preferred at 5 % risk using paired comparison

tests (n = 53).

fruity aroma. This is in contradiction with previous results
showing that fruity note is a key driver of liking for such
young consumers in red wine (Geffroy et al., 2024b).

Although this approach relying on non-parametric tests to
identify consumer profiles has been used in several studies
(Saliba et al., 2009; Geffroy et al., 2018; Geffroy et al., 2020;
Geffroy et al., 2022), these findings must be considered and
interpreted with caution as the small number of consumers
in each subgroup may limit the representativeness of the
samples.

3. Appreciation of Vidoc in Merlot blends by
consumers

Surprisingly, the incorporation of Vidoc in the blend did not
lead to a lesser significant preference in comparison with the
control Merlot sample for all the percentages of incorporation
evaluated which contradicts our initial hypothesis (Figure 2).
This result is unexpected, considering the tannin quality of
Vidoc wines, which were described as ‘sticky’ and might have
negatively influenced consumer liking as their proportion in
the blend increased.

volume 59-2 | 2025

OENO One | By IVES


https://ives-openscience.eu/

TABLE 3. Citation frequencies (expressed in %) for the terms used by consumers to describe the Artaban and Vidoc
blends in comparison with the control Merlot wine, and significance (P) calculated from the Chi-square fest within
each term. Only the terms showing a citation frequency above 10 % for at least one test sample were retained.
Different letters within each line indicate significant differences based on the post-hoc Marascuilo test.

Artaban (% v/v)

Vidoc (% v/V)

Term P
25 50 100 15 30 60 100

More fruity 10.0 ab 13.2b 21.1b 0.0a 11.9 ab 11.3 ab 5.3 ab 0.022
Less fruity 16.0¢ 18.4¢ 7.9 abc 12.3 be 0.0a 1.6b 0.0a < 0.001
Less acidic 10.0 ab 5.3 ab 10.5b 0.0a 0.0a 0.0a 0.0a 0.002
More acidic 10.0 ab 15.8 ab 21.1ab 10.8 ab 16.4 ab 6.5a 28.1b 0.041
Sweeter 0.0a 0.0a 0.0a 6.2 ab 9.0 ab 16.1b 7.0 ab 0.001
More astringent 6.0 18.4 15.8 7.7 6.0 16.1 53 0.090
Less astringent 14.0 10.5 7.9 7.7 9.0 3.2 3.5 0.397
Rounder 0.0a 0.0a 0.0a 6.2 ab 149b 6.5 ab 12.3b 0.001
Less balanced 12.0b 2.6 ab 2.6 ab 0.0a 0.0a 0.0a 0.0a < 0.001
More pleasant 0.0a 0.0a 0.0a 7.7 ab 7.5 ab 1295b 14.0b 0.002

As for the detection threshold experiment, it cannot be
discarded that the relatively large number of samples tasted
by the consumers during the session (14 in total) induced
some fatigue which generates some noise in the dataset for
Vidoc that was tasted after Artaban. However, this hypothesis
is unlikely as such number remains acceptable according
to Francis and Williamson (2015) who recommend not to
exceed 10 to 14 wines per session.

As for Artaban and as expected, the inclusion of Vidoc in
the blend increased non-linearly the perception of acidity
(Table 3). Other terms frequently expressed by consumers
to characterise the Vidoc blends were more fruity, less
fruity, sweeter, rounder, and more pleasant with a linear
relationship between the proportion of incorporation and the
citation frequency only observed for this latter term.

As shown in Table 4, the 30 % Vidoc blend was preferred
by consumers who had a basic interest in wine, compared to
those who were either new to wine or had a more passionate,
in-depth knowledge, a finding which is difficult to interpret.
In comparison, experienced panellists with more than

20 years of wine consumption preferred the 15 % Vidoc
blend which was perceived as less fruity, unlike consumers
with 5 to 10 years of experience.

Preferences for Vidoc blends seemed to be influenced
by experience and wine knowledge. Indeed, it has been
shown that preferences change with experience, with new
consumers initially preferring sweet, fruity wines, and over
time appreciating bitterness (a characteristic outlined in the
initial description of the Vidoc base wine) and green aroma
(Lesschaeve, 2008).

The PCA followed by HAC enabled the identification of
four subgroups of Vidoc consumers, C1, C2, C3 and C4.
The proportion of panellists preferring the Merlot control
was plotted for each subgroup (Figure 3). Given the limited
number of panellists for each subgroup, the Chi-square and
post-hoc Marascuilo tests only enabled to discriminate at
P < 0.05 the four subgroups for their proportions in subjects
interested in wine, newbies in wine and those consuming
wine once a day. Consumers from C1 (n = 16), neutrally
perceived Vidoc blends with a preference for blends with a
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TABLE 4. Significance (P) of preference for each proportion of FRG included in the blend for gender, age, level of
wine knowledge, average amount spent per bottle, frequency of wine consumption, wine preference, and years of
wine consumption (n = 53 consumers). The Kruskal-Wallis test was performed except for gender which was treated

using the Kolmogorov-Smirnoff (two-tailed) test.

Average

Frequency

FRG content Level of wine ; Wine Years of wine
(% v/V) Gender Age knowledge G T oy of wine reference consumption
9 per bottle consuming P P
25 1.000 0.117 0.866 0.534 0.224 0.214 0.810
Artaban 50 0.985 0.018 0.959 0.254 0.099 0.457 0.233
100 1.000 0.272 0.981 0.426 0.289 0.790 0.249
15 1.000 0.061 0.891 0.709 0.167 0.934 0.038
30 0.642 0.748 0.009 0.624 0.585 0.730 0.862
Vidoc
60 1.000 0.503 0.400 0.814 0.068 0.076 0.507
100 0.979 0.075 0.155 0.381 0.149 0.230 0.303

Vidoc proportion between 15.0 % and 39.0 %. Consumers
in this subgroup predominantly expressed an interest in
wine (87.5 %) and included a moderate proportion of daily
wine drinkers (6.3 %).

C2 (n = 13) had a more complex preference profile. They
preferred Merlot in comparison with the blend, especially
when Vidoc was incorporated at a percentage between
27.7 % and 37.5 %, and preferred Vidoc blend below 17.3 %
of incorporation. It can be assumed that Vidoc was generally
not perceived at this percentage as illustrated by its detection
threshold previously determined at 14.1 % for untrained
panellists. Results remain overall difficult to interpret with
a notable lack of consistency and significant variations in
responses that do not seem to follow an explainable logic
which could mean that participants responded randomly.
Subjects from this subgroup were not daily wine-
drinkers (0.0 %), and self-declared themselves as mainly
newbies in wine for 61.5 % or interested in wine for 30.8 %.

The third cluster C3 (n=13) showed distinct and more defined
sensory preferences. They preferred pure Merlot wines when
Vidoc was incorporated at less than 21 %, a percentage close
to the Vidoc detection threshold in the blend. They were not
daily wine drinkers (0.0 %) and mostly declared themselves
to be newbies (46.1 %) or interested in wine (38.5 %).

C4 (n=11) also showed a clearly defined taste preference for
the Merlot control. These “Merlot lovers” exhibited a greater
frequency of daily consumption (27.3 %), and declared
themselves as more newbie in wine (72.7 %). Although not
statistically significant (P = 0.090), this cluster tended to
include a higher proportion of consumers over the age of 65.
This subgroup seems to represent consumers with established

consumption habits, who seek familiarity and balance in their
wine choices, favouring traditional profiles like Merlot wine
over more acidic, astringent wines like Vidoc. Indeed, for
this subgroup, the most elicited terms to describe the Vidoc
blends in comparison with Merlot were more acidic and more
astringent with citation frequencies reaching 23.1 % for the
blend containing 60 % of Vidoc and the pure Vidoc sample,
respectively.

To summarise, Vidoc consumers can be divided into two main
groups of preferences: “the neutral” representing 79 % of the
panellists composed of C1, C2 and C3 for which it appears
feasible to incorporate Vidoc into the blend; “the Merlot
lovers” composed of C4 consumers, which represented 21 %
of the panellists, and always preferred Merlot wines. These
latter consumers were characterised by the highest proportion
of daily wine drinkers and newbies in wine.

However, these results based on subgroups composed of
11 to 16 panellists should be treated with caution as CRT
studies are generally conducted with 50 to 60 panellists
(Prescott et al., 2005; Geffroy et al., 2018). The likelihood
of a significant result by chance especially for the smallest
group (C4) cannot completely be excluded. In addition, the
clustering may have simply detected artefacts such as those
individuals who have a specific sample presentation order
or those individuals susceptible to fatigue. This hypothesis
is unlikely, as there was a strong consensus within the
C4 cluster with all panellists preferring the control wine
(Figure 3D), regardless of the proportion of Vidoc in the
blend. It must also be highlighted that one of the main
risks when working with small panels as underlined by
Talsma (2018) is the potential for Type II errors which
means failing to detect real effects and to reject the null
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FIGURE 3. Proportion of panellists preferring the control Merlot wine for the four subgroups, C1 (A), C2 (B), C3 (C)
and C4 (D). Above the top horizontal dotted line, the control Merlot is significantly preferred, and below the bottom
horizontal solid line, the blend is significantly preferred at 5 % risk using paired comparison.

hypothesis. The fact that significant differences were
observed despite a relatively small sample tends to support
the interest in presenting these findings.

Our findings, emphasising an overall good acceptance of
FRGs and weakening the negative preconceptions about
these varieties emerging from the wine industry, are only
valid for the three specific base wines used for the study.

Despite their good representativity, the Vidoc and Artaban
wines were made from two young vineyard plots, suggesting
that their sensory features could evolve over time with
the ageing of the vineyard. The 2023 vintage was the first
commercial harvest for Vidoc and the fourth one for Artaban.
Furthermore, this vintage faced challenging conditions,
with heavy rainfall in June that led to high downy mildew
pressure, elevated acidity, and an early harvest. It cannot be
excluded that a higher-quality vintage might yield different
results and particularly an even greater acceptability of FRG
wines in blends.

The influence of the Merlot base wine, which was very ripe,
containing an ethanol level above 14 % v/v, must also be

considered. However, such a level of ethanol is very frequent
in the area characterised by a Mediterranean climate, and
warm and dry climatic conditions during maturation favour
sugar accumulation. The marked difference in ethanol
between this latter wine and the Artaban and Vidoc wines
(Table 1) might have contributed to favour the detection of
FRG wines in blends. It cannot be excluded that the use of a
control wine with a lower ethanol concentration could have
led to distinct conclusions.

Our methodology was focused on red FRG wines and
might not be transposable to white FRG wines. Probably,
no significantly lesser preference in comparison with a
Vitis vinifera control wine would have been observed
for white FRG blends. Indeed, white FRG varieties are
generally considered superior (Torregrosa et al., 2024) and
are getting more and more popular in southern France as
illustrated by the fast increase in Floreal planting, another
variety obtained within the frame of the ResDur 1 program
particularly appreciated for its very pleasant aromatic profile
(Dolet et al., 2024).
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Our study showed that experts were more sensitive compared
to consumers, a characteristic that should also influence
their preferences that were not evaluated in our research.
This assessment would have been particularly hard to
achieve as it would have involved mobilising fifty experts
for the CRT study. Nevertheless, one must keep in mind
that consumer responses truly reflect the acceptance of a
product on the market, and the perceptions of specialists are
generally disconnected from those of the general population
(Cardello, 1995).

Another point of great interest would be to formally examine
the sensory acceptance of a larger range of pure variety FRG
wines and the impact of information provided to consumers
on their acceptance. Although the impact of information
related to the environmental benefits provided by these
FRG varieties has been studied using experimental auctions
(Espinoza et al., 2018), the influence of other information
such as the resistant or hybrid characters of these varieties
deserves to be investigated.

CONCLUSION

Our study enabled to apply the CRT methodology to the
design of binary red blends containing FRG wines. The panel
detection thresholds for red FRG wines in a Merlot blend
were estimated at 24.9 % for Artaban and 14.1 % for Vidoc
for untrained panellists. Concerning consumer preferences,
wines with a high proportion of Artaban in the blend (> 60 %)
were neutrally perceived in comparison with Merlot wines.
For Vidoc, the results showed the absence of significantly
lesser preference for all the tested blends, suggesting an
overall good sensory acceptance and the existence of
different clusters of consumers. Four subgroups were
identified with heterogeneous profiles exhibiting complex
or clear preferences. Only one group, representing 21 % of
consumers composed of a higher proportion of daily wine
drinkers and self-declared newbies in wine, significantly
preferred Merlot over Vidoc blends, and would not accept
Vidoc used as a single variety wine or in a blend. Overall,
based on these results showing the absence of any strong
sensory obstacles and a good consumer acceptability of FRG
wines, winemakers should be encouraged to use resistant
variety in blend or even in single cuvée.

Further research is required to investigate the sensory
perception of pure FRG wines and the influence of
information on consumer acceptance to provide valuable
insights for producers and wine professionals in the design
and marketing of these new products.
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